Introduction
In recent years,glucose non-fermentative rods such as Pseudomonas spp.,Acinetobacter spp.,and Achromobacter spp.have come to play a significant role in clinical infections 02).These ubiquitous organisms were originally considered to be nonpathogenic in man.Over the last decade,however,they have been documented as infections,particularly in post-operative and debilitated patients.In addition,long-term treatment with antibiotics or immunosuppressive durgs and the presence of an in-dwelling urethral catheter are regarded as the causative factors for pseudomonal or acinetobacterial infection.The infections due to these bacteria include meningitis),urethritis4),urinary tract infection (UTI)),pneumonia6),and septicemia7).
However,the pathogenicity of these species other than Pseudomonas aeruginosa in clinical development of UTI has still many unclear points to be elucidated yet,and it has not been experimentally analyzed yet also.
In this experiment,we investigated the virulence of Acinetobacter calcoaceticus,Pseudomonas cepacia,and
Pseudomonas maltophilia was tested in experimental UTI with mice.The relation between the UTI virulence of the organisms and their biological characteristics such as bacterial adhesion to the epithelial cell surfaces of the bladder and hemagglutination pattern was investigated.Moreover,the change of virulence was studied in compromised hosts treated with immunosuppressive drugs. 
Results

Experimental urinary tract infection in normal mice
The results of viable cell counts obtained from the kidneys at 48 hours after transurethral inoculation in normal mice are shown in Table 1 .In case 106 cells each of A.calcoaceticus,P.cepacia,and P.maltophilia were inoculated,the viable cell counts found per kidney ranged from 103.7 to 106.0,103.7 to 106.2,and 102.5 to 104.3 cells,respectively.With an inoculum size of 107 cells of the same species,the viable counts ranged from 105.3 to 107.8,105.9 to 106.0,and 105.9 to 106.0 cells,respectively.Thus the incidence of bacterial recovery from the kidney and the degree of renal tissue disturbance (abscess formation) were found to be relatively low with these organisms.Only A.calcoaceticus Ac-54 showed a high renal recovery rate and a high tissue disturbance. On the other hand,with an inoculum size of 104 cells/mouse,E.coli,P.mirabilis,S.marcescens ,and P.
aeruginosa showed the viable cell counts in the kidney ranging from 106.2 to 107.0,107.4 to 107.9,106.7,and 107.1 to 107.4 cells,respectively.These organisms showed a high tissue disturbance.These results suggest that the virulence of A.calcoaceticus,P.cepacia,and P.maltophilia in urinary tract infection was relatively mild.
Furthermore,the relation between the virulence in peritoneal infection (LD50 values) and that in urinary tract infection was studied,and the results are presented in Fig.1 .In A.calcoaceticus,P.cepacia,and P. No.of mice with lesion/No.of tested mice maltophilia except for A.calcoaceticus Ac-54 a relatively close relation between the two parameters was noted.Thus,the strains which were less lethal in pertioneal infection were demonstrated to show a lower recovery rate from the kidneys as well. Virulence in urinary tract infection in compromised mice Prednisolone,betamethasone (Shionogi Pharmaceutical & Co Ltd.),and lysozyme (Eisai Co Ltd.) were used as anti-inflammatory drugs.0.08 mg of prednisolone and 0.4 mg of betamethasone were administered orally and 0.2 mg of lysozyme was intramuscularly to mice as a single daily dose for seven days.At Day 8,the following day after the final treatment,the mice were transurethrally infected,and the vialbe cell counts in the kidney were counted at 48 hours after inoculation.The results are shown in Table 2 .The pre-treatment with either prednisolone or betamethasone slightly enhanced the susceptibility to renal infection with all the strains tested.In the case of lysozyme,however,little difference in the number of organisms was noted between the treated and the control mice.
As immunosuppressive drugs,cyclophosphamide (Shionogi Pharmaceutical & Co Ltd.) and azathiopurine (Tanabe Pharmaceutical Co Ltd.) were used. 4 mg of cyclophosphamide was injected intraperitoneally to mice and at four days after treatment,bacterial suspension were inoculated.Azathiopurine was administered orally at a daily dose of 1 mg for seven days,and at Day 8,the following day after final treatment,bacterial suspensions were inoculated into mice.At 48 hours after inoculation,viable cell counts in the kidney were counted,as Table 3 .In cyclophosphamide treatment,the bacterial recovery from the kidney was about 100 to 1,000 times higher in the treated than in the non-treated mice,showing a trend of higher susceptibility to A.calcoaceticus and P.cepacia was apparently higher than those of the control mice.With P.maltophilia, however,little difference was noted between the treated and the non-treated mice. Furthermore,the virulence was studied in experimentally induced diabetic mice.2.5 mg of streptozotocin (Sigma Chemical Co.) was injected intraperitoneally into mice and at Day 10 bacterial suspensions were inoculated.The mean blood sugar level at Day 10 was 160 mg/d1 in the streptozotocin-treated mice and 72 mg/dl in normal mice.At 48 hours after inoculation,viable cell counts in the kidneys were counted,and the results are summarized in Table 4 .The pre-treatment with streptozotocin showed only a minimal change in susceptibility to P.cepacia and P.maltophilia.The susceptibility to A.calcoaceticus,however,was about 10 to 100 times higher than that of the control mice.
Hemagglutination test
The capacity to agglutinate erythrocytes of man,guinea pigs,and mice was studied in glucose nonfermentative rods,as shown in Table 5 .Most strains having agglutinated the erythrocytes of man and guinea pigs showed an inhibitory reaction against agglutination with the addition of mannose.These organisms were lacking in the capacity for agglutinating mouse erythrocytes.
Adhesion to epithelial cells of mouse bladder
The in vitro study on the ability of glucose non-fermentative rods to adhere to the epithelial cells of mouse bladder are shown in Table 5 .A.calcoaceticus Ac-54,which was highly virulent was also found to have a high adhesive capacity to epithelial cells,but the other strains were shown to be less adhesive.Accordingly, any clear relationship between hemagglutination and adhesive activity was not observed.
Discussion
In recent years,various infectious diseases caused by glucose non-fermentative rods except P.aeruginosa have come to be described.However,there is still many unclear points on the pathogenicity of these strains. In our previous papers,we described that Acinetobacter was pathogenic to experimental mouse infection in spite of its low virulence8)11).This suggests the possibility that the organisms of low virulence such as Acinetobacter may induce infectious diseases in the presence of diminished host defense mechanisms such as caused by underlying diseases or immunosuppressive therapy.In the present experiments,therefore,we carried out the basic study on the virulence of glucose non-fermentative rods such as A.calcoaceticus,P.
cepacia,and P.maltophilia in urinary tract infections.
In general,the virulence of these organisms in urinary tract infections was demonstrated to be relatively mild.A clear relation between the virulence in peritoneal infection and that in urinary tract infection was noted.Namely,when a strain was less virulent in urinary tract infection,it was likewise less virulent in peritoneal infection.However, Nishi et al.12) reported that the virulence factors of P.aeruginosa in UTI may be different from those in peritoneal infection.These relations should be further in the future.
Recently,anti-inflammatory drugs are generally used in all clinical fields for the treatment of inflammation in order to inhibit inflammatory reactions of the living body.In the present experiments,we investigated the effect of three anti-inflammatory drugs on the infections with glucose non-fermentative organisms in mice.The mice treated with either betamethasone or prednisolone were susceptible to those organisms,but little effect was noted on the infection in the mice treated with lysozyme.However it cannot be concluded that under lysozyme treatment,susceptibility to these organisms can be prevented.The method of administration should be studied further in the future.Moreover,immunosuppressive drugs are known as the drugs affecting the bacterial susceptibility of the patient.Therefore,the effect of these drugs on the pathogenicity of these organisms was studied in mice.The mice given cyclophosphamide or azathiopurine showed more susceptibility to these organisms than the non-treated ones.Therefore,immunosuppressive agents should be given with a great caution.
From old times,diabetes mellitus is known as one of the underlying diseases to reduce the function of host-defense mechanism against diseases.Therefore, the susceptibility to these organisms was studied in the streptozotocin-induced diabetic mice.These mice were more susceptible against Acinetobacter than the nontreated ones,but no effect was observed with P.cepacia and P.maltophilia.However,this cannot be concluded as the evidence that the susceptibility to P.cepacia and P.maltophilia does not change even in the presence of diabetes.Further careful studies should be carried out regarding the virulence in diabetic mice. From the these results, it has been proven that immunosuppression or diabetes is generally the factor for precipitating the infections with glucose non-fermentative rods.
Attachment of bacteria to the mucosal surfaces of a susceptible host is now recognized as an important step to bacterial colonization and onset of infection.The ability of bacteria to adhere to the epithelial cells in vitro appears to be dependent on the surface components of both host and bacterial cells. Bacterial adhesion is classified according to the agglutination patterns which manifest when bacteria bind to the erythrocytes of various species of animals.
In the present experiment,we investigated the relation between hemagglutination and the capacity of bacterial attachment to epithelial cells of mouse bladder.All the organisms except A.calcoaceticus Ac-54 were shown to have low adhesion. Furthermore,the hemagglutination patterns were mannose-sensitive to human and guinea pig erythrocytes.These results indicate that while the glucose non-fermentative rods tested were certainly pathogenic in urinary tract infection of mice,their pathogenicity was extremely low.
Although it may be risky attempt to apply all these results to human,these organisms are presumed to be of low virulence to humans as well.Unlike experimental infections with animals, however,the infectious disease caused by even the low virulent organisms such as A.calcoaceticus,P. cepacia, and P.maltophilia are liable to occur under abnormal physiological condition of the subject and therefore through cautions should be given to the treatment in clinical practice.
